Abstract-This letter proposes a limited feedback-based selfish linear precoding (SLP) strategy for downlink twouser MIMO systems. In the proposed strategy, each user selfishly chooses the other user's precoding matrix which minimizes its capacity loss. The proposed SLP strategy has two advantages comparing with traditional linear precoding strategies. First, SLP improves the system capacity by resisting interference more effectively. Second, the computing complexity of transmitter is reduced since the base station needs not to calculate precoding matrix. Simulation results verify the effectiveness of SLP on system capacity improvement comparing to limited feedback block diagonalization (LFBD) algorithm, especially when feedback bits are insufficient.
INTRODUCTION
Multiple input multiple output (MIMO) [1] is a reliable technique to increase spectral efficiency in the next generation wireless communication. In multiuser MIMO systems, limited feedback-based precoding algorithms are studied extensively to improve the system performance. In closed-loop MIMO systems, transmitter employs the channel state information (CSI) reported by the mobile users to design precoding matrices. In single user MIMO systems, precoding algorithms aim to enhance the output power of the desired signal at receiver. In downlink multiuser MIMO systems where a base station (BS) simultaneously serves several users using the same resource block, different mobile users' channels are coupled, which yields severe co-channel interference (CCI). Therefore, in downlink multiuser MIMO systems, the precoding algorithms aim to eliminate the CCI. In practical systems, perfect CSI is not available at the BS, particularly in frequency division duplexing (FDD) systems. Therefore, limited feedback-based precoding schemes are widely considered by 3GPP Long Term Evolution (LTE) [2] for standards. In closed-loop MIMO systems with limited feedback, each mobile user quantizes its CSI using a codeword selected from the predetermined codebook and reports the index of the codeword to the BS through the low rate uplink channel. However, since the transmitter cannot obtain the perfect CSI, CCI cannot be completely cancelled. Therefore, efficient limited feedback-based precoding algorithms design is still a challenging job currently.
As a kind of non-linear precoding method, dirty paper coding (DPC) [3] is proved to be capacity-achieving. However, high computing complexity makes it prohibitive to implement DPC in practical systems. Some linear precoding schemes such as zero-forcing beamforming (ZFBF) [4] and block diagonalization (BD) [5] are considered as practical precoding schemes. In these precoding schemes, precoding matrices are designed in order to separate the data streams transmitted to different users into several orthogonal subspaces to avoid CCI. ZFBF suffers from considerable performance loss due to signal power penalty. BD performs as well as DPC at high signal-to-noise ratio (SNR) where system capacity is limited by CCI. However, as analyzed in [6] , feedback-based BD (LFBD) needs numerous feedback bits to obtain full multiplexing gain. A signal-to-leakageand-noise ratio (SLNR) precoding algorithm is proposed in [7] , instead of completely eliminating CCI, it yields precoding matrices following a SLNR-maximizing metric. Since it considers the noise power, SLNR performs better than BD in low SNR scenario. However, limited feedback-based SLNR (LFSLNR) similarly needs considerable feedback bits.
In this letter, we propose a limited feedback-based selfish linear precoding (SLP) strategy for downlink twouser MIMO system. The two-user MIMO system is a reasonable practical scenario in the view of control signaling overhead [8] . In the proposed SLP strategy, each user selfishly chooses the other user's precoding matrix which cause the minimum capacity loss to him. SLP strategy allows BS to work without calculations. Therefore, the computing complexity of the BS is significantly reduced. Simulation results show that SLP effectively improves the system capacity compared to LFBD, especially when feedback bits are insufficient. SLP also outperforms LFSLNR in the medium and high SNR regimes, which cannot be promised by LFBD.
As 
and define the system SNR as SNR= P . As described in [6] , user k 's capacity with CCI is
where Nr P Nt  Ω I Φ , and
H V V H . We can employ MMSE MUD algorithm [9] to achieve (2):
III. PROPOSED SELFISH LINEAR PRECODING STRATEGY

A. Limited Feedback BD Algorithm
We first briefly present the capacity loss formula of LFBD algorithm in [6] , using which we derive SLP strategy. Employing BD, let us denote the each user's capacity using perfect CSI (CSIT) and imperfect CSI as C CSIT-BD (P) and C LFBD (P) respectively. Then, the expectation of capacity loss C loss-BD (P) due to limited feedback is: (6) where k c is the codeword selected by user k . As presented in [6] , in order to maintain no more than 3 dB SNR gap with respect to CSIT BD, it is sufficient to scale B for LFBD as Nr , Nt , SNR)=(2,4,15dB), (2,2,8dB) and (4,8,8dB ) cases yield B=17, 27 and 25 respectively. This is unpractical due to the low rate uplink channel. Therefore, designing improved feedback and precoding strategies is meaningful work for limited feedback-based MIMO systems.
B. Selfish Linear Precoding Stratege
We consider a two-user MIMO scenario, where each user has Nr antennas, and BS has 2Nr antennas. We describe the system as We propose that, instead of calculating the precoding matrix using quantized CSI at BS, one user selfishly forces the other user to use the codeword which causes the minimum capacity loss, and the other user uses this codeword as its precoding matrix. We employ c in (4) as the codeword selection metric. Take user 1 for example:
arg min log det( ) . 
We use this metric under two considerations: a) One user does not have information about its precoding matrix when it selects the other user's precoding matrix. Therefore, a in (4) cannot be JOURNAL OF NETWORKS, VOL. 8, NO. 7, JULY 2013 1477 used as the codeword selection metric. b) Since c in (4) finds the optimal codeword for every CSI realizations while d merely selects the statistically optimal one, the former one is a better selection metric than the latter one. In the proposed SLP strategy, precoding matrices calculation is not necessary at the BS. Therefore the computing complexity of the transmitter is effectively reduced.
IV. NUMERICAL RESULTS
We present some Monte Carlo simulations to validate the proposed SLP strategy. Figure 1 shows the sum-rate comparison of LFBD, SLP and LFSLNR algorithms against different B values with 2 Nr  . We denote the limited feedback strategies where the number of feedback bits determined by (7) as "ScalB". Since LFSLNR considers the noise power, it performs best in low SNR regime. When sufficient feedback bits are available (ScalB), LFBD outperforms LFSLNR when SNR>12.5 dB due to its advantage in CCI canceling. We note that metric (6) yields ScalB =18 bits when 2 Nr  , 4 Nt  and SNR=16 dB, which is impractical for the low rate uplink channel. If B is limited (e.g., 6 B  in all SNR regimes), LFBD suffers from more capacity loss than LFSLNR at all SNR regimes. This presents that LFBD is sensitive to quantization error. If sufficient feedback bits are available, SLP performs better than LFSLNR when SNR>11 dB. If 6 B  bits in all SNR regime, SLP performs better than LFSLNR when SNR>13 dB. Besides, regardless of the number of feedback bits, SLP performs better than LFSLNR in all SNR regimes. Therefore, we can say that, SLP is more robust than LFBD and outperforms LFSLNR algorithm at medium and high SNRs at different feedback rates. Figure 2 shows the sum-rate comparison of BD, SLP and LFSLNR against different B values with SNR=15 dB and 2 Nr  . The advantage of SLP is verified. Specifically, in order to obtain the system throughput of 8 bps/Hz, SLP saves about 3 bits feedback overhead compared to LFBD. Besides, it is observed that LFSLNR benefits less from increasing B. 
V. CONCLUSIONS
In this letter, we propose a selfish linear precoding strategy for two-user MIMO system. The proposed SLP strategy can achieve a higher system throughput than LFBD algorithm and be more robust to different feedback rates. SLP outperforms LFSLNR algorithm in medium and high SNR regimes, which cannot be promised by LFBD. Moreover, in SLP strategy, the transmitter does not need to calculate the precoding matrices. Therefore, the computing complexity is significantly reduced.
